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© Liquid transfer devices. 

CM 

^ © A liquid transfer device of disposable one-time 
If) use form to conduct a biochemical diagnostic or 
O other assay comprises two liquid flow channels 
*° (10,110,210; 20,120,220) leading from a respective 
O pair of channel ends to a site (30,130,230) in a 
common channel portion into which the channels 
m merge, and operable to deliver liquid to this site in 
O sequentially timed manner following simultaneous 
n application of such liquid to the channel ends, at 
least the one of the channels delivering liquid with a 
relative delay being connected to the common chan- 
nel portion in a substantially symmetrical manner, at 



least from an hydraulic point of view during opera- 
tion relative to the flow in the common channel. 
Typically respectively different reagents (11,111,211; 
21,121,221) are incorporated in the two channels, 
and a third reagent (31,131,231) at the common site, 
whereby a sample to be assayed in respect of a 
particular content can be applied to the site, im- 
mobilised by the third reagent, subsequently sub- 
jected to one channel reagent to detect any of the 
content of interest, and finally subjected to the other 
channel reagent to exhibit for the user any detected 
content. 
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There is considerable commercial interest in 
simple analytical devices, usually of disposable, 
one-time use form, intended for extra-laboratory 
usage to conduct biochemical diagnostic assays. 
Ideally such devices should be operable in a sat- 
isfactory manner by lay persons, but this is not as 
yet normally the case in practice. Many of the 
currently available devices in fact involve complex 
manual procedures, with a common feature of such 
procedures being a requirement to effect a timed 
sequence of reagent additions to an analyte. 

To improve this situation it is known to provide 
a liquid transfer device comprising two channels 
leading from a pair of respective channel ends to a 
common site and operable to deliver liquid to said 
site in sequentially timed manner following simulta- 
neous application of such liquid to said channel 
ends. 

It is typically the case that the channels of the 
aforementioned type of device merge into a com- 
mon structure, or channel, in order that both shall 
access the common site, say. This is particularly 
the case when the device involves capillary flow in 
a porous material. Similarly, merging can effec- 
tively occur between successive portions of a sin- 
gle channel, such as when an expansible element 
forms a connection. The devices of the type men- 
tioned above typically suffer from the drawback 
that their structure can allow a non-uniform flow to 
occur, with consequent unreliability or inconsis- 
tency of operation. Development of the invention 
has shown it to be preferable that any merging 
between the liquid flow channels be effected in a 
substantially symmetrical manner relative to the on- 
going flow channel, at least from a hydraulic point 
of view, otherwise such non-uniform flow can oc- 
cur. 

According to the invention, there is provided a 
liquid transfer device for use in assay procedures, 
comprising a sheet of porous material for capillary 
liquid flow therethrough, said sheet being formed to 
define two liquid flow channels leading from a 
respective pair of channel ends to a site in a 
common channel portion into which the channels 
merge, the two channels being operable respec- 
tively to deliver liquid to said site in sequentially 
timed manner following simultaneous application of 
such liquid to said channel ends, characterised in 
that at least the one of the channels delivering 
liquid with a relative delay is connected to the 
common channel portion in a substantially symmet- 
rical manner, at least from a hydraulic point of view 
during operation relative to the flow in the common 
channel. 

Clearly symmetrical merging can be attained 
when one channel joins another wholly across the 
width of the latter in alignment with the on-going 
flow direction. However, it can be appropriate to 
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merge one channel into a central portion, or similar 
opposite side portions, of another channel for this 
purpose. It can, in any case, be beneficial to taper 
or otherwise narrow the downstream end portion of 
5 the one channel to be centrally merged with an- 
other channel as this concentrates the merged flow 
along the desired path. 

In application to an analytical device, the site to 
which liquid is to be delivered will typically be one 
io at which analysis is to be effected following deposi- 
tion there of a sample to be tested in respect of an 
analyte of interest. Correspondingly the liquid to be 
delivered by each channel will typically comprise 
an individual reagent or a diluent, with the relevant 
15 channel usually bearing a reagent to be entrained 
by diluent flow in the latter case. The reagent 
and/or diluent for delivery can emanate from one or 
more reservoirs associated with or incorporated in 
the device. Similarly the device can be associated 
20 with or incorporate one or more reservoirs for the 
purposes of drainage of waste liquid. 

Operation of the proposed device to deliver 
liquid in sequentially timed manner inherently in- 
volves delay of the liquid flow along one channel 
25 relative to the other and various mechanisms are 
contemplated for this purpose. These mechanisms 
fall into two basic categories respectively involving 
differential flow path lengths and flow rates, and 
mechanisms of each category are applicable to 
30 each form of liquid flow. For example, the transit 
time of a capillary liquid flow along a path will 
clearly vary with path length when the path is that 
of a porous material channel of given uniform cross 
section. Alternatively, the rates of such flows can 
35 be differentiated by variation of the cross sections 
of the respective channels. 

A preferred form of flow rate delay mechanism 
for use in connection with capillary flow involves 
the provision of one channel of porous material in a 
40 compacted form expansible upon hydration to 
bridge, directly or indirectly, a subsequent gap in 
such channel. 

As with the liquid flow forms, these delay 
mechanisms and their categories are not exclu- 
45 sively applicable to a single channel. 

In addition to the delivery at a common site of 
liquids in sequentially timed manner, it may be 
appropriate that the relatively non-delayed flow at 
the site be terminated prior to on-site delivery of 
50 the delayed flow, and the present invention also 
contemplates the provision of mechanisms for this 
purpose. Different forms of such switch mecha- 
nisms can be provided for use in connection with 
different forms of liquid flow. 
55 A preferred form of such a switch mechanism 

for use in connection with capillary flow involves 
the provision in one channel of porous material in a 
compacted form expansible upon hydration to open 
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a gap in another channel. 

Lastly, in this more general consideration of the 
invention and various forms thereof, it will be ap- 
preciated that, while reference has been. made to 
two channels and a single common site, compound 
devices having an increased number of channels 
and/or more than one site can be provided to 
accommodate more complex analytical operations. 

In any event, fuller understanding of the inven- 
tion and its forms may be gained by consideration 
of specific embodiments thereof which are given 
by way of example and described below with refer- 
ence to the accompanying drawings in which:- 
Figure 1 schematically illustrates one embodi- 
ment of a device involving capillary flow; 
Figures 2-14 similarly illustrate generally pro- 
gressive modifications of the embodiment of 
Figure 1 ; 

Figures 15 and 16 schematically illustrate em- 
bodiments involving non-capillary flow; 
Figures 17 and 18 similarly illustrate respective 
embodiments each involving both capillary and 
non-capillary flow; 

Figures 19-41 illustrate modifications in detail 
variously applicable to these embodiments; and 
Figures 42-45 illustrate respective specific em- 
bodiments described in relation to experimental 
usage for assay procedures. 
In describing the illustrated embodiments it is 
assumed that analysis is to be conducted in re- 
spect of an analyte in the form of an antigen within 
a body fluid such as blood or urine of which a 
sample is made available. It is further assumed that 
the antigen will first be specifically bound with 
antibody held at the analysis site, then label led by 
a first reagent, and finally subjected to a label 
detection second reagent to make a colorimetric or 
other output available. Such an analytical proce- 
dure is appropriate to a wide range of analytes of 
diagnostic interest and so represents a practical 
basis for exemplifying utilisation of the embodi- 
ments. It will be appreciated however that the spe- 
cific device embodiments and, indeed, other de- 
vices according to the invention are not intended to 
be limited to adaptation and use for such a proce- 
dure. 

The devices illustrated in Figure 1 and a large 
number of the subsequent figures are included as 
background to the invention, serving to assist in the 
understanding of the invention. 

In any event the embodiment of Figure 1 in- 
volves capillary flow through porous material such 
as of filter paper type. There are first and second 
channels 10a and 20a of like uniform cross section 
but relatively shorter and longer lengths extending 
from respective individual free ends to a junction 
30a. A third channel 40a extends from the junction 
to an area 50a of enlarged cross section. This 



porous material structure is shown as though lo- 
cated in a common vertical plane with the channels 
10a and 20a depending to different extents down- 
wardly into a liquid reservoir vessel 60a. In fact 
5 other dispositions are equally practicable, with a 
generally horizontal one being beneficial in 
minimising gravitational effects on the liquid flow, 
provided that the free end regions of the channels 
extend differentially into the vessel as shown. 

w The device is completed for carrying out the 

above analytical procedure by immobilisation of 
specific antibodies within a zone 31a of the porous 
material at junction 30a to serve as the analysis 
site, a surface of such zone being overlaid with a 

75 serum separation layer 32a. Also, first and second 
reagents are impregnated into respective zones 
1 1a and 21a of the channels 10a and 20a. 

In use of the device the vessel 60a~is charged 
with diluent 61a, a sample for analysis is applied to 

20 the layer 32a, and the free ends of the channels 
are immersed in the diluent as shown. Antigen of 
interest migrates to the zone 31a and is bound by 
the antibodies, while diluent flows up the channels 
10a and 20a to solubilise and entrain the reagents 

25 at zones 11a and 21 a to carry the latter onwards to 
the zone 31a. In operation the channel flows will of 
course take time to reach zone 31a; the times for 
such flows will differ by virtue of the different 
channel lengths with channel 10a being shorter and 

30 therefore faster than 20a; and the diluent vessel 
volume, the channel material absorbancies and the 
channel dependencies into the vessel are such that 
the diluent level in the vessel falls below channel 
10a after the flow in such channel has reached 

35 zone 31a and before the flow in channel 20a has 
reached zone 31a. 

In the result, initiation of operation substantially 
predetermines a period for serum/immobilised anti- 
body incubation at zone 31a, this period being 

40 terminated by arrival of the flow in channel 10a to 
label the antibody-bound antigen and flush "un- 
bound serum content onwardly through channel 
40a to area 50a which serves as a waste reservoir, 
and following a further substantially predetermined 

45 incubation period the flow In channel 10a termi- 
nates while that in channel 20a arrives at zone 31a 
to detect the bound label and flush other constitu~ 
ents to the waste reservoir. 

This embodiment will be seen to demonstrate 

so a delay mechanism dependent on variation of 
channel lengths and also a switch mechanism de- 
ploying variation of channel/reservoir interconnec- 
tion to terminate one flow before another is effec- 
tive at an analysis site. 

55 Also, it will be seen that flow from channel 10a 

can partially divert to channel 20a and this may 
cause an undesirable reagent reaction at zone 21a. 
Such an event is obviated by the modified embodT- 
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ment of Figure 2. 

Figure 2 is largely the same as that of Figure 1 
and so the same reference numerals are deployed 
for corresponding integers, but with the 'a* changed 
to 'b' . 

The difference of Figure 2 from Figure 1 is in 
fact relatively simple and involves relocation of the 
first reagent and analysis site zones 11b and 31b 
in the third channel 40b. 

Figure 3 shows an alternative to Figure 2, again 
with use of the same reference numerals for cor- 
responding integers but with the addition of a *c' 
for purposes of distinction. 

The different approach in Figure 3 involves the 
provision of a gap 22c between channel 20c and 
the junction 30c while terminating the adjacent end 
of such channel in a compressed or otherwise 
compacted zone 23c, which last zone is expansible 
when hydrated to close the gap effectively by a 
switch action. In this case liquid flow in channel 
10c cannot divert into channel 20c until the gap 
22c becomes closed, at which time, appropriately, 
flow in channel 10c has terminated. It is to be 
noted that this feature can also serve as a delay 
mechanism. 

In development of such devices to date use of 
material other than of filter paper type, such as 
PVA cellulose foam, has been found appropriate for 
consistency of expansion action. 

The common switch mechanism of Figures 1-3 
may not be fully satisfactory for practical purposes 
in that the timing of its operation depends on the 
depth of channel immersion in diluent and this will 
vary with the extent to which the diluent reservoir is 
charged. This situation is avoided by the modified 
embodiment of Figure 4. 

Again, it is convenient to carry over reference 
numerals for corresponding integers but with dis- 
tinction by *d' . 

A first modification in the embodiment of Fig- 
ure 4 is that the first and second channels 10d and 
20d are joined in a common channel portion 70d 
leading to the diluent reservoir 60d. 

A second modification is that the first channel 
10d is transversely cut through at 1 2d at a position 
between its junction with portion 70d and its pe- 
riphery bordering gap 22d. 

A third modification is that the portion of chan- 
nel !0d extending towards the analysis site from its 
cut 12d is transversely movable from an initial 
position in which its cut ends are mutually en- 
gaged. 

Operation in this case is such that diluent flows 
through the first channel 10d to cacry entrained first 
reagent to the analysis site 32d, and also in de- 
layed manner through the second channel to en- 
train second reagent. When this second flow 
causes expansion of zone 23d to close gap 22d not 
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only does the flow continue to the analysis site, but 
the first channel is also caused to move to separate 
its cut ends and terminate the flow therethrough. 
This last embodiment and its operation will be 

5 seen to demonstrate an alternative switch mecha- 
nism which alternative involves a compacted zone 
of porous material expansible when hydrated to 
disconnect a channel. However, while this mecha- 
nism acts to disconnect flow to the analytical site 

10 through the first channel, it does not act to termi- 
nate liquid flow through the site altogether because 
the disconnection itself involves a new connection 
affording onward flow through the second channel 
to the site. 

75 Figure 5, using the same pattern of reference 

numeral progression, shows a yet further modifica- 
tion whereby liquid flow at the analysis site is 
terminated for a period between first and second 
reagent delivery. 

20 In this case the expansible compacted zone 

23e moves the portion of channel 10e extending 
from its cut 12e towards the diluent reservoir, while 
channel 20e continues from its zone 23e towards 
another such zone 24e separated from channel 40e 

25 by another gap 25e, and the second reagent zone 
21 e is resited to a position between the compacted 
zones 23e and 24e. With this arrangement the first 
channel is disconnected and liquid flow to the 
analysis site is terminated wholly until after the 

30 second channel is connected. 

Figure 6 shows a further modification of an 
expansible mechanism to disconnect flow from one 
channel towards an analysis site when another 
channel is connected. In the arrangements already 

35 described this involves separation of successive 
lengths of the one channel which lengths initially 
interconnect by abutment rather than integration for 
the purposes of throughflow. A potential difficulty 
with such an abutment interconnection is that it is 

40 liable to disturbance by improper handling. 

In Figure 6 the one channel 1 0f is of integrated 
form and the other channel 20f connects by way of 
an expansible element 23f. Disconnection of flow 
wholly along channel 1 0f is effected by way of a 

45 further expansible element 25f activated by way of 
a branch channel 26f from channel 20f and con- 
nected, in turn, to a related waste reservoir 51 f. 
Expansible element 25f connects with channel 1 0f 
upstream of element 23f. 

so Operation is such that, when both expansible 

elements are activated, flow will occur along chan- 
nel 101 from reservoir 60f through element 25f and 
further along the channel while, at the same time, 
flow through element 23f from channel 20f will 

55 continue both up and down channel 10f. In the 
result the opposed flows in channel 10f between 
the elements produce a stagnant region, so that the 
initial flow in channel 10f from reservoir 60f is 

5 
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effectively disconnected by diversion to reservoir 
51f. 

Figure 7 shows a modification of Figure 6 in 
which the previously separate expansible elements - 
are integrated at 23g in a coplanar channel ar- 
rangement. 

Figure 8 illustrates a modification in detail ac- 
cording to the invention whereby the expansible 
mechanisms of Figures 3-7 are improved. In the 
embodiments of these earlier figures expansion 
occurs to join one channel into communication with 
the edge of another. The resulting flow in the other 
channel can tend, especially when this channel is 
already wet, to occur preferentially along the rel- 
evant edge so as to be non-uniformly distributed 
across the channel and give rise to a correspond- 
ingly non-uniform reaction. In Figure 8 the channels 
10h and 20h, an impervious channel-separating 
layer 13h, and expansion element 23h are relatively 
superposed as shown at (a) to produce, when 
activated, a more extensive and complete commu- 
nication as shown at (b). Given that the channels 
will typically be thin relative to their width, the 
resultant communication is substantially symmetri- 
cal from an hydraulic point of view. 

Such modification is applicable simply to the 
making of a flow connection or, as in fact shown in 
Figure 8(b), the simultaneous making of a connec- 
tion and related disconnection. Also, an expansible 
mechanism can be used to move a related channel 
to solubilise and entrain into the channel a dry 
reagent located on an adjacent initially spaced sur- 
face. 

Figure 9 shows one embodiment of a device 
according to the invention which employs this last 
modification to allow construction in a relatively 
compact so-called "dipstick" configuration com- 
prising first and second channels 10j and 20j of 
porous strip material in generally superimposed 
relation. These channels are relatively longer and 
shorter and they are held together to extend from 
one pair of corresponding proximal ends along a 
rectilinear path over a major portion of the length of 
the shorter second channel. The first channel con- 
tinues along this path for a distance, then turns to 
return over the same path, and terminates with its 
distal end short of the initial channel ends. The 
returning portion of the first channel is located 
remotely from the second channel and is held to 
the initial portion in association with an intervening 
liquid-impermeable barrier 13j. The distal end por- 
tion of the second channel bends away to a dis- 
position spaced from the first channel where it is 
normally held by a relatively short length of sepa- 
rating material 14j. 

A first reagent is impregnated in the first chan- 
nel at a zone 11 j located distally of the junction 
where the first channel and second channel distal 



end portion separate, a second reagent is impreg- 
nated in the second channel at a zone 21 j located 
in the last-mentioned portion, and an analysis site 
is located in the first channel at zone 31 j distally of 
5 the zone 11j. 

The device also includes a switch mechanism 
involving a zone 23j of compacted porous material 
which is expansible when hydrated and located on 
the returning portion of the first channel opposite to 

70 the distal end portion of the second channel. This 
zone cooperates with a sleeve 90j, shown as a 
length of material having a generally U-shape 
cross-sectional form into which the channel struc- 
ture can be slid. 

is In use of the device a sample to be analysed is 

applied to zone 31j and the proximal end portions 
are thereafter hydrated with diluent from a reservoir 
60j shown as a beaker into which these portions 
are stood. Diluent then flows up the channels by 

20 capillary action towards the zones 11] and 21 j to 
solubilise and entrain the respective reagents at 
these zones. The first reagent in fact is carried on 
in a continuous manner to the analysis site zone 
31j with diluent and waste products passing on 

25 along the first channel. The second reagent, how- 
ever, is carried to the distal end of the second 
channel where it stops pending further action. In 
this last connection appropriate further action oc- 
curs when the continuing diluent flow in the first 

30 channel passes down the returning portion of this 
channel to the site of the switch zone 23] which is 
then hydrated, with consequent expansion. This 
expansion initially engages the zone with the adja- 
cent wall of the sleeve 90j and then, by reaction 

35 with the sleeve, pushes the adjoining part of the 
first channel towards engagement with the distal 
end portion of the second channel. This last en- 
gagement, in turn, allows solubilised second 
reagent to pass into the first channel and flow to 

40 the analysis zone, with waste products continuing 
on along the first channel. 

It will be appreciated that, while it is appro- 
priate in this last device to separate the Vising 1 
portion of the first channel from its continuing re- 

45 turn portion with a liquid-impermeable barrier, no 
such measure is necessary between the former 
portion and the adjoining portion of the second 
channel. This appreciation has led to a further 
improved form of device according to the invention 

so as shown by Figure 10. 

In the device of Figure 10 the first and second 
channels are, in effect, largely integrated into a 
single strip 70k, with the distal end portion of the 
second channel being formed by a tab 21k cut and 

55 bent out from this strip, while the adjacent remain- 
ing side arms and on-going portion of the strip 
serve as the first channel 10k. The overall se- 
quence of events in use will be the same as for 
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Figure 9, with operation of the switch causing the 
tab and the initially-separate parts of the strip to 
move into engagement to allow continuing flow for 
the second reagent. 

The advantage of this device lies in its simpli- 
fied structure, and hence its production, compared 
to that of Figure 9. 

A further embodiment of a device according to 
the invention is shown in Figure 11, and further 
embodiments of a comparable type are illustrated 
in Figures 43, 44 and 45. As mentioned previously, 
embodiments not embraced within the scope of the 
invention are included to assist in the understand- 
ing of the invention. 

Figure 11 shows a yet further improvement 
over the device of Figure 10, whereby the two 
channels are further integrated compared to Figure 
10, in a coplanar structure. In this case the distal 
end portion of the second channel 211 is not cut 
and bent out to form a tab, but instead is narrowed 
by strip materia! excision to form the same as a 
central arm spaced from the side arm portions of 
the first channel. The excision can be such as to 
provide a tortuous elongated longitudinal form for 
the second channel distal end portion compared to 
the straight first channel side arm portions, as 
shown, whereby through-flow in the former to carry 
the second reagent to the analysis site is delayed 
relative to that through the latter to carry the first 
reagent to the site. Alternatively, or in addition, the 
distal end of the central arm can be cut and lon- 
gitudinally proximally compacted to form an expan- 
sible mechanism causing delay. 

Other delay alternatives can involve the provi- 
sion of a central arm area of greater cross sectional 
extent than the side arms to act like a slow-to-fill 
reservoir, a central area which is extended out of 
the plane of the side arms and then back again, or 
use of a slower wicking material for the central 
arm. 

To avoid the occurence of non-uniform flow 
with consequent unreliability or inconsistency of 
operation, the device of Figure 11 ensures that 
merging between the liquid flow channels is effec- 
ted in a substantially symmetrical manner relative 
to the on-going flow channel, at least from a hy- 
draulic point of view. The second channel merges 
into a central portion of the on-going flow channel, 
whilst the first channel side arm portions merge 
into similar opposite side portions of that on-going 
flow channel. 

In the device of Figure 12 the channels are still 
further structurally integrated in that the distal end 
portion 21m of the second channel is defined by an 
appropriately shaped impregnation of the strip with 
a soluble material to act as a temporary flow barrier 
22m. This last material is to be such as to render 
the impregnated strip non-porous for the purposes 
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of capillary flow therethrough when dry, but to 
solubilise upon hydration by the diluent and allow 
on-going flow with entrained second reagent after 
an interval appropriate for the sequencing purposes 

5 of the analytical procedure at hand. Materials so far 
considered useful for this purpose include lactose, 
starch and salt. 

The advantage of the devices of Figures 1 1 
and 12 clearly lies in their effectively solid state 

io form which further facilitates manufacture and the 
provision of products more uniformly consistent in 
operation. 

While the devices of Figures 9-12 are shown in 
singular form, they are amenable to provision in a 

75 plural form such as indicated by the configuration 
of Figure 13. In Figure 13 the proximal end por- 
tions of the respective device channels are in- 
tegrated in the continuous area 70n, while the distal 
portions are separated into individual strips 10n by 

20 intervening slots. Such a configuration is suited to 
production by way of long lengths extending in the 
direction of the arrow in Figure 13, with subdivision 
into discrete singular or plural device structures by 
cutting transversely to the arrow. 

25 As an example, a twinned integrated form of 

the device of Figure 9 is shown in Figure 42. 

A plural form can offer various benefits includ- 
ing quality and/or standards testing in a procedure 
involving the same analyte, or parallel testing for 

30 different analytes, by way of a single device. Also, 
such a form can be used to quantify the amount of 
an analyte present by use of progressively varying 
strengths of reagents from one channel to the next 
to represent a calibrated scale. 

35 Figure 14 shows an alternative modification for 

an improved expansible connection mechanism 
whereby undesirably non-uniform flow is avoided. 
In this case the two channels are coplanar, the first 
channel extends between proximal and distal por- 

40 tions through an angle, and the second channel 
has an expansible mechanism 23p operable to 
connect with the first channel distal portion in lon- 
gitudinally aligned manner. In fact such an aligned 
connection configuration is beneficially applicable 

45 to devices such as those of Figures 1 and 2 where 
no expansible mechanism is involved. 

The embodiment of Figure 15 involves non- 
capillary flow and follows, so far as is practicable, 
the convention established above for reference nu- 

50 merals but with the addition of a hundred digit for 
purposes of distinction. 

The embodiment comprises first and second 
channels 110a and 120a defined by tubes depend- 
ing above a waste reservoir vessel 150a having, 

55 extending across an upper region thereof, a mem- 
ber 130a of porous material. Specific antibodies are 
immobilised in a zone 131a of member 130a. At 
their upper ends the channels 110a and 120a are 
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joined respectively through major and minor re- 
strictions 116a and 126a to first and second 
reagent reservoir vessels 111a and 121a closed 
with hydrophobic vents 118a and 128a. - 

In use of this embodiment appropriate volumes 
of reagents are charged into vessels 111a and 
121a and these vessels connected with their re- 
spective channels when inverted, sample is applied 
to member 130a, and the vessels and channels are 
located in upright disposition over the member. 
The reagents flow from the vessels to their chan- 
nels, but at differential rates by virtue of the inter- 
vening restrictors. The arrangement is to be such 
that channel 110a will contain the volume of first 
reagent whereby this volume is held in the channel 
and released rapidly only when it completes its 
flow through its restrictor, the subsequent air flow 
suffering negligible delay because of its far lesser 
viscosity. This allows a period for anti- 
gen/immobilised antibody incubation whereafter la- 
belling and flushing occur. Similarly after a further 
incubation period the second reagent flows from its 
channel to detect the labelled matter. 

Figure 16 illustrates a further embodiment in- 
volving non-capillary flow. The embodiment is simi- 
lar to that of Figure 10 but different restrictions and 
channels are employed. 

In this case the restrictions are in the form of 
orifice outlets 117b and 127b from the vessels 
111b and 121b, with these outlets being disposed, 
in use, above channels involving further vessels 
110b and 120b having the inlet arms of siphons 
119b and 129b depending therein in sealed man- 
ner from below the vessel rims. The siphon outlet 
arms are disposed above the porous member 
130b. 

Use and operation of this embodiment is simi- 
lar to that of Figure 10 but with the reagents 
flowing through their restrictions at different rates to 
initiate respective siphon flows following successive 
periods. 

The embodiment of Figure 16, of course, af- 
fords sequentially timed liquid delivery by way of 
differential flow rates through the restrictions. How- 
ever, similar timing can be effected with like re- 
strictions but siphon vessels of differing cross sec- 
tional area whereby filling to initiate siphon action 
takes different times in the two channels. 

Figure 17 shows an embodiment which is of 
hybrid form in that it involves both capillary and 
non-capillary flow. Again the same reference nu- 
merals as above are used for corresponding in- 
tegers, but with the addition of a two hundreds 
digit. 

In this embodiment channels 210a and 220a 
are of porous material, different lengths, and de~ 
pend differentially into a common diluent reservoir 
260a, similarly to the arrangements of Figures 1-3. 



However, the channels extend upwardly and then 
turn downwardly to terminate in tapered ends be- 
low the reservoir 260a to provide a siphon function 
in use. Liquid flowing through these channels drops 
5 from the tapered ends on to a third channel 240a 
of porous material spaced therebelow and flows on, 
through analysis site 230a in this channel, to a 
waste reservoir 250a. 

The embodiments described so far indicate the 

io invention to be open to variation within the broader 
terms of the preceding introductory discussion and 
the scope for variation is emphasised, although hot 
exhaustively indicated, by Figures 18-45 of the 
accompanying drawings. 

15 Figure 18 shows another hybrid embodiment 

using a single strip of porous material and a com- 
pound reservoir to which diluent is added directly 
to initiate operation following application of a sam- 
ple to the analysis site. The reservoir has a proxi- 

20 mal portion and two distal portions located respec- 
tively adjacent positions between the two reagent 
sites, on the one hand, and between the analysis 
site and the nearer reagent site, on the other hand. 
The resultant operation will wash the analysis site 

25 following sample addition, apply the nearer reagent 
to this site, wash the site again, apply the second 
reagent and finally wash once again. 

Figures 19-21 show respectively different ar- 
rangements whereby plural reagents can be added 

30 sequentially to flow in a common capillary channel. 
In Figure 19 the channel itself is separated into 
successive segments which can each carry a 
reagent, and an expansible element with the latter 
each being activated by a respective subsidiary 

35 channel link to effect in-line connection with the 
preceding segment. 

In Figure 20 the channel is associated with a 
number of reagent-carrying expansible elements 
located adjacent successive regions along the 

40 channel length, the elements being successively 
activated by parallel subsidiary channels. 

Figure 21 is similar to Figure 14 but with the 
subsidiary channels serially interconnected. 

Figure 22 shows reagent addition to a main 

45 channel by way of an expansible element activated 
by a subsidiary channel, with the subsidiary chan- 
nel causing bridging of a gap in the main channel. 

Figure 23 is similar to Figure 16 but includes 
an impervious membrane or layer located between 

so the compacted and reagent-carrying zones of the 
expansible element. 

Figure 24 shows an alternative expansible ele- 
ment operable to effect channel connection or dis- 
connection. In this case the element is made up of 

55 materials having respectively different hydration ex- 
pansion properties, which materials form respective 
transversely-adjoining zones through the element. 
Operation will be like that of a bimetallic element, 



): <EP 0590695A2_I_> 



13 



EP 0 590 695 A2 



14 



but with different geometrical configurations being 
assumed between dehydrated and hydrated con- 
ditions as at (a) and (b) for example. 

Figure 25 shows a further such alternative Jn 
which a porous material is compressed when dehy- 
drated to an overall shape markedly different from 
that assumed when hydrated. For example, ma- 
terial having an L-shape when hydrated as at (a) 
can be compressed when dehydrated to a flattened 
slat-like shape as at <b), with rehydration causing a 
return to the L-shape. 

Figure 26 shows an expansible element formed 
by local compression between opposed areas of 
the major faces of a channel, with the element 
being indicated in its initial dry and then hydrated 
conditions respectively at (a) and (b). 

Figures 27 and 28 show expansible elements 
incorporated into a device in modified manner. In 
Figure 27 the element is housed within the related 
hydrating channel itself, while in Figure 28 the 
element is housed between the channel and an 
adjacent impervious layer. 

It is in any case appropriate that an expansible 
element be securely engaged on or against its 
related channel, unless integrally formed therewith, 
to ensure that it is hydrated during operation of the 
device. A particular concern in this respect is that 
the formation of 'blisters* between the element and 
channel should be avoided otherwise separation 
can occur which is detrimental to reliable and con- 
sistent hydration. To this end engagement can suit- 
ably be effected by preloading, bearing In mind 
that the resultant engagement force should not be 
so low as still to allow blister formation, nor so high 
as to constrain the desired expansion. Alternatively, 
engagement is effected by glueing, in which case 
adhesive is applied in a distributed array of small 
areas of the relevant interface to act against blister 
formation while still allowing consistent hydration 
through the interface. 

Figure 29 illustrates preloading by use of a 
spring of plastics material, which spring additionally 
serves as an impervious channel separating layer. 

Figures 30 and 31 show respective examples 
of suitable glueing patterns. 

Another factor, which arises in devices such as 
those of Figures 9 and 10 in which an expansible 
element is fitted to a channel which continues 
beyond the element, is that the available liquid flow 
in the channel is apportioned between the element 
and on-going channel portion. In these circum- 
stances expansion may be improved by the provi- 
sion of a flow restriction in the channel adjacent the 
element as shown in Figure 32. Alternatively liquid 
can be directed on through the channel by way of 
the element as shown in Figure 33. 

Figure 34 shows an alternative form of tab for 
cooperation with an expansible element. In this 
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case the tab is formed with shoulders which abut 
against the complementary formations in its parent 
channel to reduce any risk of premature closure 
other than by the related element. 

5 In other alternatives, expansible elements can 

have a 3-dimensional form, rather than the effec- 
tively 2-dimensional forms indicated so far. 

Figure 35 illustrates one example involving an 
annular shaping, respectively dehydrated and hy- 

70 drated at (a) and (b). 

Figure 36 shows another such example ap- 
plicable, in this instance, to non-capillary flow to 
effect disconnection as indicated by the dehy- 
drated and hydrated conditions at (a) and (b). 

75 Figure 37 similarly shows yet another example 

for disconnection of a non-capillary flow through a 
resilient tube. 

It is appropriate to note in connection with 
expansible elements of the various forms indicated 

20 above that the porous material, such as PVA cel- 
lulose foam, will normally be of a resilient nature 
when hydrated. There is accordingly no necessity 
to provide closely matching shapes as between the 
element and a coating integer because the former 

25 will conform readily to the latter. 

Flow connection and disconnection may also 
be effected chemically. For example a monomer in 
one channel and itself allowing flow in that channel 
may be converted to a polymer by an initiator from 

30 another channel, the polymer being such as to 
block the one channel. Conversely, one channel 
may include a polymeric blocking material dissolv- 
able to allow throughflow by application of a sol- 
vent from another channel. 

35 In another variation of flow controlling mecha- 

nisms use may be made of magnetism. For exam- 
ple, a reagent may be contained in or on magnetic 
material held at a particular location in a channel 
by an adjacent magnet or induced, when hydrated, 

40 to move towards such a location. 

In a further variation applicable to porous ma- 
terial devices such as described above, the chan- 
nel configurations can be defined by the applica- 
tion of an agent to render material in an intact 

45 sheet impervious in appropriate areas, as an alter- 
native to excision or omission of those areas during 
device production. 

Also it is to be noted that liquid flow along a 
transversely uniform channel of porous material is 

50 non-linear and it may be appropriate in some cir- 
cumstances to provide a channel having, along its 
length, a progressively varying cross section to 
attain a relatively constant flow rate. This may be 
useful, for example, for a channel entry to a reser- 

55 voir shortly preceded by an analysis or other such 
site so that a non-uniform flow does not cause an 
adverse upstream reaction at the site. 
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The embodiments and variations described so 
far have been related to an analytical procedure 
expressed in relatively simple fundamental terms. 
In practice such procedures may well -be more - 
complex in terms of the numbers of operational 
steps to be sequenced. For example, many such 
procedures involve the addition of two or more 
aliquots of wash solution following one reaction 
before another reaction is effected. Such a mul- 
tiplication of steps is, of course, possible in use of 
the invention simply by an appropriate multiplica- 
tion of channels and/or other elements. However, 
this might be seen as an undue complication in the 
case of non-capillary flow embodiments. 

Resolution of this last situation can, for a suc- 
cessive wash requirement, for example, be met by 
a siphon arrangement such as that of Figure 16 but 
with an increased reservoir capacity. Overall opera- 
tion in this event will be such that the channel 
110b, say. will fill to the level at which its siphon 
119b operates, this operation will be such as to 
empty the channel rapidly, and the channel will 
thereafter refill and operate again after an interval. 
However, when a siphon-supplying reservoir of es- 
sentially uniform cross-section is used, there is a 
limit to the ratio between the interval and the initial 
time leading up to the first siphon operation. This 
limiting ratio is about 2.4 whereas a value of at 
least about 3 is normal in conventionally effected 
procedures. 

Figure 38 shows a modified arrangement in 
which the siphon reservoir is of a stepped form 
having a narrowed upper portion. This allows ratios 
of up to about 6 to be achieved. 

Also in application of the invention it will be 
useful in some circumstances if multiple analyses 
can be conducted in relation to one sample, such 
as when testing for allergies, for example. 

Figure 39 shows an embodiment detail for this 
purpose in which a sample-carrying channel di- 
vides into plural downstream channels in a forked 
or fanned array which can carry different primary 
reagents. 

Figure 40 shows another such embodiment de- 
tail in which the channel divides radially into a 
plural disc-form array. 

Figure 41 shows yet another such embodiment 
detail in which a main channel is separated over 
part of its length into plural subsidiary channels 
carrying respectively different immobilised 
reagents, for example. 

The remaining Figures 42-45 of the drawings 
illustrate specific devices employed in experiments 
serving to demonstrate the practical viability of the 
invention for routine usage. 

The device of Figure 42 has a superficial size 
of 92x14 mm and is proportioned in its detail 
essentially as illustrated. Also, it will be seen that 



the device is of twinned partially integrated form 
although, for convenience, described below in the 
singular. The twinned form allowed simultaneous 
testing of two samples. 

5 The main channel and switch channel of the 

device were cut from Whatman glass fibre paper 
GF/DVA (Whatman Paper Ltd., England), using a 
template of the appropriate shape. Paper was cut 
with the fast wicking side uppermost, and the grain 

70 of the paper running across the width of the tracks. 
Waste material was removed from the slots, switch 
contacts chamfered, and the position of the fold 
marked. 

Acetate film (0.1 mm thick) was cut to the 
75 appropriate size and lightly sprayed on both sides 
with super 77 spray adhesive (3M USA). This was 
attached to the slow wicking surface of the proxi- 
mal portion of main channel, using a pencil mark 
as a guide, and the protecting channel then bent 
20 over to meet the acetate, with about 11 mm be- 
tween the ends. Surplus acetate was removed flush 
with the proximal end, leaving 2 mm protruding at 
the sides. 

The channel to be switched, the switch chan- 
25 nel, was fixed to this by masking off the last 8 mm 
on the slow wicking surface, at the contact end, 
and spraying the exposed area lightly with adhe- 
sive. A 0.5 mm thick switch separator (Darvic 
sheet, ICI, England) was fixed onto the switch 
30 channel, and the main and switch channels assem- 
bled by gently pressing together. 

The expansible switching element was pre- 
pared by compressing a 2 mm thick sheet of PVA 
sponge (average pore size 60 urn). Compressed 
35 pieces measuring 14 mm by 5 mm were cut out 
using a scapel . Adhesive was sprayed onto the 
switching element in a striped pattern, by means of 
a mask with the stripes running across the width of 
the switch and the switch then attached to the 
40 device with gentle pressure. 

Prior to use, when employing reagents im- 
mobilised onto Sepharose, small sections of paper 
were removed from the surface of the device re- 
spectively to form grooves defining test and proce- 
ss dural control sites. 

In reagent preparation, CNBr activated 
Sepharose 4B (Pharmacia, Sweden) was washed 
with 1 mmol/L HCI (200 mL/g Sepharose). Poly- 
clonal anti-HCG antibody (Dakopatts, Denmark), 
50 raised in rabbits, was mixed for 2 hours at room 
temperature with washed Sepharose (1 g 
Sepharose per 10 mg protein) in 0.1 moi/L car- 
bonate buffer pH 8.3, containing 0.5 mol/L NaCl, (5 
mL buffer/g Sepharose). Antibody coated 
55 Sepharose was washed with 0.1 mol/L carbonate 
buffer pH 8.3, containing 0.5 mdl/l NaCl. The 
Sepharose was then blocked by mixing with 0.1 
mol/L Tris buffer pH 8.0 for 2 hours. Antibody 
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coated Sepharose was then separated and washed 
alternately three times with 0.1 mol/L acetate buffer 
pH 4.0 containing 0.5 mol/L NaCI, and then 1.0 
mol/L Tris buffer pH 8.0 containing 0.5. mol/L NaCI. 
Antibody coated Sepharose particles were finally 
washed with, and stored in, phosphate buffered 
saline at 4* C. HCG coated Sepharose was pre- 
pared similarly with HCG (Sigma, USA) replacing 
the anti-HCG antibody. 

Also, latex particles, 3 urn diameter (Sigma, 
USA), were coated overnight with mouse mon- 
oclonal anti-HCG antibody (Quantum Biosystems, 
England). After washing, the latex was blocked 
using buffer containing protein and detergent to 
minimise non-specific binding, and stored at 4 ° C. 

In incorporation of reagents, anti-HCG coated 
Sepharose, and HCG coated Sepharose were 
pipetted into the proximal and distal grooves at the 
test and control sites respectively. 100 ul of 0.01 
mol/l Tris buffer pH 7.6 containing 0.15 mol/L NaCI, 
0.1% fish gelatin (Sigma USA), and 1% sucrose 
was added to each groove, covering the Sepharose 
and the paper surrounding this area. 50 uL of a 
1:50 dilution of anti-HCG conjugated to horseradish 
peroxidase (Dakopatts, Denmark), in phosphate 
buffered saline pH 7.4, was added to each channel 
approximately 10 mm proximally of the immobilis- 
ed anti-HCG as the 'first reagent 1 . 50 ul of 
chloronaphthol (0.6 mg/mL in 0.05 mol/L Tris buffer 
pH 7.5 containing 0.2 mol/L NaCI and 0.02% hy- 
drogen peroxide) was then added to each switch 
channel as the 'second regent*. 

Sample addition involved 50 uL of HCG stan- 
dard (0, 250 IU/ml t or dilutions) in PBS containing 
0.1% BSA, or a urine specimen, at the immobilised 
anti-HCG test site. The device was then placed in a 
close fitting plastic holder, and placed in a 100 mL 
beaker containing 8 mL of PBS pH 7.4 (containing 
0.05% Tween 20) or other appropriate buffers. 

Example 1 

A device employing coated Sepharose par- 
ticles, HRP conjugate, and chloronaph- 
thol/hydrogen peroxide colorimetric substrate was 
used as described previously, with PBS pH 7.4, 
containing 0.05% Tween 20 as the running buffer. 

Example 2 

The above procedure was repeated employing 
an alkaline phosphatase anti-HCG conjugate. The 
Sepharose and surrounding paper were blocked 
using buffer (containing components including pro- 
tein and detergent) to reduce non-specific binding 
of reagents. HRP-conjugate was replaced with 50 
uL of a 1 to 100 dilution of anti-HCG alkaline 
phosphatase conjugate (prepared from a mouse 



monoclonal antibody, Quantum Biosystems, Eng- 
land) in a diethanolamine based buffer system, pH 
9.5. The chloronaphthol colorimetric reagent was 
replaced by nitrobluetetrazolium (NBT) (Sigma) and 
5 5-Bromo-4-chloro-3-indolyl phosphate (Sigma). 
HCG standards were added to the reaction site and 
the device ran using a diethanolamine based buff- 
er, pH 9.5. 

io Example 3 

Example 2 was repeated using anti-HCG al- 
kaline phosphatase conjugate and colorimetric sub- 
strate from a Tandem Icon II HCG urine assay kit 
75 (Hybritech, USA). 

Example 4 

Examples 2 and 3 were repeated with 
20 Sepharose replaced by anti-HCG antibody im- 
mobilised onto latex particles. The test site was 
pre-blocked with appropriate buffer, dried, and 25 
ill of antibody coated latex applied and dried onto 
the site. 

25 In operation, addition of sample starts the reac- 

tion between HCG and antibody immobilised onto 
the paper via the Sepharose particles. Introduction 
of the base of the device into buffer starts liquid 
flow up the two channels simultaneously. In the 

30 switch channel buffer flow reconstitutes the col- 
orimetric substrate, carrying it to, and concentrating 
it at, the tip of the channel. As this channel is not 
initially connected to the main track of the device, 
further movement of this reagent is prevented. Si- 

35 multaneously, buffer flow in the main channel pro- 
ceeds towards the active site, on its way recon- 
stituting and carrying the anti-HCG enzyme label- 
led conjugate. Buffer flow over the test site re- 
moves unbound sample constituents, and delivers 

40 conjugate which binds specifically to any im- 
mobilised HCG from the sample. Further flow to- 
wards the end of the main channel both delivers 
excess conjugate over the immobilised procedural 
control (where it binds to the Sepharose bound 

45 HCG) and provides a wash step for both the test 
and procedural control sites. Buffer flow proceeds 
towards the switch element and, as the front 
reaches it, buffer passes from the paper into the 
element. This causes expansion of the element, 

50 which presses against the rigid plastic holder and 
forces the main channel and the switching channel, 
containing colorimetric substrate, into contact. 
Once the two channels are in contact, buffer flow is 
re-established in the switch channel allowing col- 

55 orimetric substrate to move across to the main 
channel and towards immobilised enzyme labelled 
conjugate at the test and control sites. Immobilised 
enzyme conjugate at these sites acts on substrate 
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to form an insoluble coloured product. Further buff- 
er flow removes substrate from these sites and 
provides a wash step. Once the buffer reaches the 
end of the main channel the flow terminates. 

Production of coloured product at the test site 5 
indicates the presence of HCG (a positive sample), 
and the depth of colour corresponds to its con- 
centration. High concentrations produce intense 
colour. A clear unchanged test site is produced if 
no HCG is present. These responses were ob- io 
served in all examples (1 to 4). Coloured product at 
the procedural control site (if present, as in Exam- 
ples 1 to 3) was produced with positive or negative 
samples indicating the assays to have been per- 
formed correctly with active reagents. 75 

The single layer, or effectively planar, devices 
of Figures 43-45 were cut from sheets of Whatman 
GF/DVA glass fibre paper (Whatman Paper Ltd. 
England) using metal templates of the appropriate 
shape. For Figure 45 the four side channels used 20 
to supply diluent, were bent down at right angles to 
the main channel. 

Sepharose or latex coated particles were posi- 
tioned on the paper surface at the test or proce- 
dural control sites. Small grooves were cut into the 25 
surfaces of the paper track at the position of these 
sites prior to addition of coated Sepharose par- 
ticles. 

In preparation of reagents CNBr activated 
Sepharose 4B (Pharmacia, Sweden) was washed 30 
with 1 mmol/L HCI (200 mL/g Sepharose). Poly- 
clonal anti-HCG antibody (Dakopatts, Denmark) 
raised in rabbits, was mixed for 2 hours at room 
temperature with washed Sepharose (1 g 
Sepharose per 10 mg protein) in 0.1 mol/L car- 35 
bonate buffer pH 8.3, containing 0.5 mol/L NaCI, (5 
ml buffer/g Sepharose). Antibody coated 
Sepharose was washed with 0.1 mol/L carbonate 
buffer pH 8.3 containing 0.5 mol/L NaCI . The 
Sepharose was then blocked by mixing with 0.1 40 
mol/L Tris buffer pH 8.0 for 2 hours. Antibody 
coated Sepharose was then separated and washed 
three times alternately with 0.1 mol/L acetate buffer 
pH 4.0, containing 0.5 mol/L NaCI: and then 1.0 
mol/L Tris buffer pH 8.0 containing 0.5 mol/L NaCI. 45 
Antibody coated Sepharose particles were finally 
washed with and stored in phosphate buffered sa- 
line at 4 p C. HCG coated Sepharose was prepared 
similarly with HCG (Sigma, USA) replacing the anti- 
HCG antibody. 50 

Also, latex particles, 3 urn diameter (Sigma, 
USA) were coated overnight with mouse mon- 
oclonal anti-HCG antibody (Quantum Biosystems, 
England). After washing, the latex was blocked 
using buffer containing protein and detergent, and 55 
stored at 4 * C. 

In incorporation of reagents, anti-HCG and 
HCG coated Sepharose was pipetted into the proxi- 



mal and distal grooves respectively of the device of 
Figure 43. 200 ul of 0.01 mol/l Tris buffer pH 7.6, 
containing 0.15 mol/L NaC! , 0.1% fish gelatin 
(Sigma USA), and 1% sucrose was added to cover 
the Sepharose and the paper surrounding this area. 
Anti-HCG conjugated to horseradish peroxidase 
(Dakopatts, Denmark) 100 ul of a 1:50 dilution of 
conjugate in phosphate buffered saline pH 7.4, was 
incorporated onto the device proximally of the test 
sites. 100 uL of chioronaphthol (0.6 mg/mL in 0.05 
mol/L Tris buffer pH 7.5 containing 0.2 mol/L NaCI 
and 0.02% hydrogen peroxide) was added to the 
central channel of Figure 43. 

Devices of Figures 43-45 were also prepared 
similarly using Sepharose coated particles. 50 uL 
of alkaline phosphatase conjugate and 50uL al- 
kaline phosphatase colorimetric substrate 
(Hybritech, USA) were incorporated where shown 
(Figures 44 and 45). 

Sample addition involved 50 uL of HCG stan- 
dard (0, 250 lU/mL or dilutions in PBS containing 
0.1% BSA), or a patient's urine sample, at the 
immobilised anti-HCG test site, followed by immer- 
sion of the proximal base (Figures 43 and 44) or 
bent side channels (Figure 45) into the buffer. 

Example 1 

Device 1 prepared using coated Sepharose, 
horseradish peroxidase conjugate and chloronaph- 
thol/hydrogen peroxide colorimetric substrate was 
operated using PBS buffer pH 7.4, containing 
0.05% Tween 20 as the running buffer. 

Example 2 

The above procedure was repeated, employing 
an alkaline phosphatase anti-HCG conjugate, with 
each of the devices. The Sepharose and surround- 
ing paper track were blocked using buffer contain- 
ing components including protein and detergent to 
reduce non-specific binding of reagents. The HRP- 
conjugate was replaced with anti-HCG alkaline 
phosphatase from an Icon il HCG kit (Hybritech, 
USA). Chioronaphthol colorimetric reagent was re- 
placed by alkaline phosphatase colorimetric 
reagent from a Hybritech Icon II HCG kit. HCG 
standards were added to the test site and the 
devices operated using a diethanolamine based 
buffer, pH 9.5. 

Example 3 

Example 2 was repeated with Sepharose re- 
placed by anti-HCG antibody immobilised onto la- 
tex particles. The test site was preblocked with 
appropriate buffer, dried and 25 uL of antibody 
coated latex applied an dried onto the site. 
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In operation of Figure 43, sample addition 
starts the reaction between HCG and antibody im- 
mobilised onto the paper via the Sepharose par- 
ticles. Introduction of the base of the device into 
buffer starts liquid flow up the paper. 5 

Buffer travels up towards the reservoirs at the 
top of the device along the two side channels and 
the longer central channel. Buffer moves from the 
two side channels and then up the central common 
channel towards the test site. As it does so, it io 
reconstitutes and carries enzyme labelled antibody 
with it. Flow over the site removes any unbound 
sample constituents and allows enzyme labelled 
conjugate to react with any immobilised HCG. Fur- 
ther flow produces a wash step and passes excess is 
conjugate over the procedural control site where it 
reacts with the HCG coated Sepharose. 

Simultaneously, some buffer from the side 
channels flows down towards that travelling directly 
up the central track. These fronts converge and 20 
reconstitute the colorimetric substrate. Conver- 
gence of the initially opposed flow fronts concen- 
trates the reconstituted substrate. Once the fronts 
have converged, this portion of the channel is satu- 
rated, and flow only occurs up the central channel. 25 
This produces further washing of the test and con- 
trol sites and delivers colorimetric substrate to 
these sites. Immobilised enzyme conjugate at 
these positions acts on substrate to form a col- 
oured product. Further buffer flow removes sub- 30 
strate from sites and provides a wash step. Once 
the buffer reaches the end of the two reservoirs, 
flow terminates. 

The device of Figure 44 operates similarly, but 
the geometry is such that a longer buffer wash 35 
through the test site is produced, prior to delivery 
of the conjugate. Also, the reconstituted enzyme 
labelled antibody is concentrated by the provision 
of slots alongside the relevant site, whereby the 
site is narrowed and opposed flows converge. 40 

The device of Figure 45 also operates in simi- 
lar manner. However, connection of the side chan- 
nels directly to the buffer supply allows recon- 
stitution of the separate reagents with minimal de- 
lay, and more rapid subsequent sequential washes 45 
and delivery of reagents to the test and contact 
sites. 

Devices such as those of Figures 44 and 45, 
respectively, can in fact be folded back along each 
of their central pairs of slots and arranged in a 50 
multiple assembly with successive devices sepa- 
rated by a layer of impervious material and their 
central areas coplanar. 

It will already be appreciated that the invention 
is open to considerable variation in device form. 55 
Similarly the invention is open to variation in the 
form of assay which it can be used to implement 
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Claims 

1. A liquid transfer device for use in assay proce- 
dures, comprising a sheet of porous material 
for capillary liquid flow therethrough, said sheet 
being formed to define two liquid flow channels 
leading from a respective pair of channel ends 
to a site in a common channel portion into 
which the channels merge, the two channels 
being operable respectively to deliver liquid to 
said site in sequentially timed manner follow- 
ing simultaneous application of such liquid to 
said channel ends, characterised in that at 
least the one of the channels delivering liquid 
with a relative delay is connected to the com- 
mon channel portion in a substantially sym- 
metrical manner, at least from an hydraulic 
point of view during operation relative to the 
flow in the common channel. 

2. A device according to Claim 1 characterised in 
that said channels differ in length and/or cross- 
sectional dimensions to give rise to said se- 
quentially timed delivery. 

3. A device according to Claim 1 or 2 charac- 
terised in that said channels contain respec- 
tively different reagents for entrapment in the 
related liquid flow therethrough. 

4. A device according to Claim 3 characterised in 
that said site contains at least one further dif- 
ferent reagent to separate and/or immobilise a 
sample to be assayed. 

5. A device according to any preceding claim 
characterised in that one of said channels 
comprises an element of porous material in a 
compacted form expansible, upon hydration by 
liquid flow in that channel, directly or indirectly 
to bridge or create a gap in the one channel, 
the other channel, or between the two chan- 
nels. 

6. A device according to Claim 5 characterised 
by a first channel of strip form having succes- 
sive proximal , medial and distal portions rela- 
tive to liquid flow therethrough, the distal por- 
tion being turned and held in superposed rela- 
tion with the medial portion; a layer of impervi- 
ous material engaged between said superpos- 
ed portions; a second strip form channel held 
in superposed relation with said first channel 
proximal portion with the distal free end portion 
of said second channel extending partway over 
said first channel medial portion in spaced 
disposition therefrom; a liquid expansible ele- 
ment of compacted porous material operably 



23 



EP 0 590 695 A2 



24 



connected with said first channel distal free 
end portion; and a member to embrace said 
element and adjacent parts of said first and 
second channels whereby expansion of said ~ 
element causes engagement of said second 5 
channel distal free end portion with said first 
channel medial portion by reaction with said 
member. 



ing along the flow path through such channel, 
which portion is operable concurrently to re- 
ceive liquid from opposite ends thereof. 



7. A device according to Claim 6 characterised in io 
that said first channel proximal portion and 

said second channel are integrated as a com- 
mon strip structure, with said second channel 
distal free end portion being formed as a tab 
displaced outwardly from said common strip 75 
between opposite side arm portions of the 
latter serving as the proximal end of said first 
channel medial portion. 

8. A device according to Claim 3 or 4 and Claim 20 
6 or 7 characterised in that said reagents are 
carried in, on or adjacent said porous material, 
respectively at said second channel distal free 

end portion and distally thereof in said first 
channel. 25 

9. A device according to any preceding claim 
characterised in that said one relatively de- 
layed channel merges with said common chan- 
nel portion centrally thereof or in opposed like 30 
manner at the sides thereof. 



10. A device according to any preceding claim 
characterised in that one channel extends gen- 
erally centrally of said sheet towards the com- 35 
mon channel portion, and the other channel 
extends towards said common portion in two 
side portions opposed about said central por- 
tion, said central portion and said side portions 
providing liquid flow to said common portion in ao 
different times for each channel and in sub- 
stantially symmetrical hydraulic manner for 
each channel. 



11- A device according to Claim 10 characterised 45 
in that said central and side portions are 
formed by excision or omission of porous ma- 
terial therebetween. 

12. A device according to Claim 10 characterised 50 
in that said central and side portions are 
formed within said porous material sheet by 
application of an agent to render the material 
impervious between such portions. 

55 

13. A device according to any preceding claim 
characterised in that at least one of said two 
channels includes an elongate portion extend- 
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@ Liquid transfer devices. 

CO 

^ © A liquid transfer device of disposable one-time 
If) use form to conduct a biochemical diagnostic or 
C> other assay comprises two liquid flow channels 
*° (10,110,210; 20,120,220) leading from a respective 
O pair of channel ends to a site (30,130,230) in a 
JJJ common channel portion into which the channels 
merge, and operable to deliver liquid to this site in 
O sequentially timed manner following simultaneous 
r\ application of such liquid to the channel ends, at 
UJ least the one of the channels delivering liquid with a 
relative delay being connected to the common chan- 
nel portion in a substantially symmetrical manner, at 



least from an hydraulic point of view during opera- 
tion relative to the flow in the common channel. 
Typically respectively different reagents (11,111,211; 
21,121,221) are incorporated in the two channels, 
and a third reagent (31,131,231) at the common site, 
whereby a sample to be assayed in respect of a 
particular content can be applied to the site, im- 
mobilised by the third reagent, subsequently sub- 
jected to one channel reagent to detect any of the 
content of interest, and finally subjected to the other 
channel reagent to exhibit for the user any detected 
content. 
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